Introduction
An important aspect of power system operation is the availability of an accurate picture of the system-state. A state estimator can be used to filter the available information creating an accurate and complete picture of the system conditions, while a supervisory control and data acquisition (SCADA) system is capable of providing operators with measured information with less accuracy. The redundancy available in the measurement systems are traditionally used to reduce the effect of measurement errors using state estimation. The objectives of state estimation methods are to reduce the variance of the estimates and improve their overall accuracy, detection of gross errors, invalid topological information and model parameter errors.
If the errors in a measurement follow a known probability distribution, a set of feasible estimates can be modeled by a probability distribution function. It is unfortunately difficult to characterize statistics of observation errors in practice. In such circumstances, it is desirable to provide not just a single 'optimal' estimate of each state variable but also an uncertainty range within which we can be assured that the 'true' state variable must lie. The idea of an uncertainty range is recognizable in engineering practice, where the accuracy of a particular measurement is often described in percent e.g. plus or minus 2 %, rather than by quantifying the standard deviation or variance.
Introduced the concepts of uncertainty in the general context of engineering analysis, estimation and optimization [1] . These concepts have been extended and developed and are applied in several areas, e.g. in water distribution networks.
With an intention to increase the robustness of the estimation introduced bounds on the measurements [2] . The approach has been developed, who introduced the term set, bounded state estimation (SBSE) [3] . The concepts from robust control theory and allowed for uncertainty in both the parameters and the measurements has applied [4] . Using a linear fractional transformation the uncertainty is isolated and the problem is formulated as a convex semi definite programming problem. The semi definite programming problem is solved using a linear matrix inequalities approach. For modeling uncertainty in power system state estimation proposed a fuzzy linear state estimation model based on Tanaka's fuzzy linear regression model [8] . The uncertainty is modeled via deterministic upper and lower bounds on measurement errors, which take into account known meter accuracies [6] .
In conventional state estimation techniques, the accurate knowledge of error statistics of transducers and metering equipments is a prerequisite. However, as such information may not be precisely known it can lead to less accurate estimates. The overall quality of the estimation can be improved by providing additional information using estimated bounds together with the point estimates. Knowledge of the limiting values or bounds that apply to measured quantities facilitates a problem formulation that enables the computation of bounds on state estimates. Thus, the goal of this paper is to model the uncertainties associated with the measured quantities in a way that defines an interval (range) with respect to their nominal values. The range is governed by the tolerance of the measuring instrument (a quantification of accuracy usually provided by the manufacturer). By utilizing appropriate mathematical programming techniques, the confidence interval (or bounds) of the state variables can be computed.
Fuzzy Logic
Fuzzy logic is an artificial intelligence tool that has been used in the past decade for many control applications. Fuzzy logic emerged from fuzzy set theory founded [7] , [8] by challenging basic assumptions of these theories: sharp boundaries in classical set theory, classical logic that each proposition must be either true or false, and additivity in classical measure theory, particularly probability theory.
Unlike classical logic systems, fuzzy logic aims at modeling the imprecise modes of reasoning, which is the human ability to make a rational decision when information is uncertain and imprecise.
Fuzzy logic starts with the concept of a fuzzy set. A fuzzy set is a set without a crisp, clearly defined boundary. It can contain elements with only a partial degree of membership. Membership criteria are not precisely defined for most classes of objects normally encountered in the real world. A fuzzy set F is characterized by a membership function, μ, that takes values in the interval [0, 1], such that the nearer the value of μ (x) to unity, the higher the membership grade of x in F.
Problem Formulation
The nonlinear equations relating the measurements and the state vector may be expressed as:
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For a given set of measurements Z, the exact value of Y cannot be determined. What we require, instead, is to find the optimal estimate of Y denoted by Y .  Equation (1) can be linearized around some operating point Y 0 to yield the following relationship:
The approach adopted in WLS state estimation is to minimize a weighted sum of some function of the residuals [9] , [10] , [11] , [12] , [13] , [14] , [15] . If we denote the absolute value of the k th measurement residual by R k , then the goal of WLS estimation is to minimize the vector of residuals R:
Uncertainty Interval State Estimation via Linear Programming (UILP)
Uncertainty can be filed with the solution of a series of optimization problems formulated is determined appropriate. Any angle or voltage bus, together with its associated uncertainty, can by a triangular or trapezoidal membership functions representing. In the triangular membership function Y 1 and Y 3 are lower and upper bounds for the central value (Y 2 ). These constraints define the tolerances on the measurements (i.e. the range of values within which the true value of the measurements quantity should lay). Minimizing a particular state variable of interest, subject to the entire measurements inequality constraints, provides the lower bound on that state variable.
Maximizing the state variable, again subject to the entire measurements inequalities, provides the upper bound for that state. In mathematical form:
Equation (8) defines a nonlinear constrained optimization problem, which can be solved directly by a suitable nonlinear programming algorithm such as sequential quadratic programming [17] . However, it is known that power system models are amenable to solution using the WLS approach. Consequently, an alternative approach is to linearise Eq. (8) 
Similarly, the incremental change to the upper bound on the ith state can be found by solving the LP problem max subject to
Where J is the Jacobian of h(Y) evaluated at and ΔZŶ l and ΔZ u are vectors of the incremental changes to measurements lower and upper bounds, respectively, computed in the following form:
Therefore by performing 2n linear programming solutions, all the elements of the vectors dY+ and dY-can be calculated. Once dY+ and dY-are known, the bounds on are simply found as:
where is the point obtained by WLS.
Ŷ
The computational burden of the process arises from the need to perform two LP solutions for every uncertainty interval sought. Nevertheless, with the measurement redundancy level available in power systems, the computational time is reasonable using modern hardware and software. For large networks it is possible that the dual LP formulation could be applied to reduce the execution time [18] , [19] .
Fuzzy State Estimation
In this paper, the basic procedure for obtaining the membership function of fuzzy voltages and angles, in the triangular membership measurements (Fig. 1) , a WLS is solved for the central values (Y 2 ), and then the variation around them (Y 1 and Y 3 ) are calculated using fuzzy arithmetic and linear programming. Similarly, for the trapezoidal membership measurements (Fig. 2) , WLS is solved for the inner breakpoints (Y 2 and Y 3 ) and then the outer breakpoints (Y 1 and Y 4 ) are calculated using fuzzy arithmetic and linear programming.
This approach was applied for fuzzy power flow [16] . It is noticeable in sections 7 and 8, for all estimated values, triangular and trapezoidal functions like Fig. 1 and Fig. 2 are obtained.
Implementation of Proposed Method and Result Analysis
In this section some results obtained using the proposed algorithms typical test system 6 -bus as shown in Fig. 3 [20], 30 -data bus test network. All state variables will be calculated to show the concepts of the present approach is shown. The LP problems have been solved by the function linprog incorporated in the MATLAB TM optimization toolbox. In the tests presented here and in further tests the Newton-Raphson process was found to perform reliably, with convergence occurring within three or four iterations.
Triangular Fuzzy State Estimation Analysis with UILP
In order to demonstrate the ability of the proposed algorithm, the state estimation solutions for 6-bus (shown in Fig. 3 ) and modified IEEE 30-bus test systems are presented under uncertainty of measurements. In order to save space, 6-bus system results are given in detail, whereas 30-bus system results are given only with trapezoidal distribution uncertainties.
Cases I and II : Tables 1and 2 show 
Trapezoidal Fuzzy State Estimation with UILP
For applying the trapezoidal fuzzy distribution (Fig. 2 Cases III and IV: Tables 3 and 4 The results indicate that for a particular breakpoint of a variable of interest, the FSE finds out a specific mismatch vector from input variable vector and evaluated function vector in case of uncertainty in measurements, in the universe of discourse defined by the range of uncertainty in these variables.
Advantages and Practicalities THE Fuzzy State Estimation with UILP
The availability of the triangular or trapezoidal membership function on state estimates can have practical advantages for the power system operator. For Critical quantities, such as a power flow which is close to its thermal, stability or contractual limit, the operator can gain confidence that the true value is not exceeding the constraint provided that the state estimate and both bounds are all within the limit. The uncertainty range on the estimate also gives a useful indication of the quality of the metering configuration for the relevant part of the power system. For example, where a voltage level often has a wide estimated uncertainty range, this would suggest that the metering in that area is insufficient. This type of additional information could be very useful during the installation or upgrading of an online state estimator. In addition with the introduction of measurement variation in the formulation, a more realistic and accurate uncertainty range is attainable now about the different system quantities.
Trapezoidal Fuzzy State Estimation Losses and Active Line Flow
The fuzzy membership functions losses and active line flow obtaining with voltage (with consideration the relations of the voltage and power) and fuzzy arithmetic. Tables 7 and 8 
